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Description 

[0001] The present invention relates to a spray powder to be used for forming a sprayed coating on the surface of 
a component part and a method for producing such a spray powder. More particularly, the present Invention relates to 
5 a spray powder to be used for surface modification of a metal part represented by e.g. a machine part of an excavator 
to be used for civil engineering works, i.e. for surface modification of a substrate which is required to have extremely 
high impact resistance, excellent wear resistance and excellent corrosion resistance and wear resistance even under 
a wet environment, and a method for producing such a spray powder 

[0002] Metal parts of various industrial machines or general-purpose machines are required to have various prop- 
10 erties such as impact resistance, corrosion resistance and wear resistance depending upon the respective purposes. 
However, in many cases, the metal materials (substrates) constituting such metal parts can not adequately satisfy the 
required properties by themselves, and it is often attempted to solve such problems by surface modification by fonming 
a coating on the substrate surface. 

[0003] A thermal spraying process is one of surface modification techniques which are practically used, as well as 

15 physical vapor deposition or chemical vapor deposition. The themrial spraying process has characteristics such that 
the size of a substrate to be treated is not limited, a uniform coating can be formed on a substrate having a large surface 
area, the speed of forming the coating is high, its applications on site is easy, and a thick coating can be fomied relatively 
easily. Accordingly, in recent years, its application has been expanded to various industries, and it has become an 
extremely important surface modification technique. 

20 [0004] In the same meaning as "thermal spraying", a terni such as "building up" or "spraying" may sometimes be 
used. Among these terms, there is no distinct difference in the definitions, and there Is no particular distinction also 
among the powders used therefor. A powder for forming a sprayed coating may not necessarily be limited for thermal 
spraying. Namely, a powder for thermal spraying may be used for building up or spraying, and inversely, a powder for 
building up or spraying may be used for thermal spraying. 

25 [0005] Accordingly, "spray powder" In the present Invention may be one which is used for "building up" or "spraying". 
[0006] Tungsten carbide is a material which has extremely high hardness and is excellent in wear resistance, and It 
is used as mixed or complexed with a metal such as Ni, Cr or Co, or an alloy containing such a metal, as a binder, to 
form a ceramic/metal composite material. I.e. a cemnet, which is widely used as a material for a spray powder "Cermet" 
is a temn coined by taking the first three letters of each of "Ceramics" and "Metal". Specifically, It is one having hard 

30 ceramic particles bound by a metal matrix and is a composite material having high hardness and high toughness. In 
the field of tool materials, cennet means a material of TiC type or Ti(C,N) type, but in a broad sense, it includes composite 
materials comprising ceramics and metals, in general. 

[0007] A cennet powder is usually prepared by a technique represented by e.g. an agglomeration-sintering method, 
a sintering-crushing method or a fusion-crushing method. 

35 [0008] The method for preparation of a cennet powder by the agglomeration-sintering method is as follows. 

[0009] Firstly, a dispersion of a binder (such as PVA: polyvinyl alcohol) in a solvent (water or a solvent such as an 
alcohol), is added to a fine powder of the starting material, followed by mixing to prepare a sluny. This slurry is formed 
Into a spherical agglomerated powder by means of e.g. a spray drier. Then, this agglomerated powder is subjected to 
de-waxing and sintering to remove the organte binder from the agglomerated powder and for the purpose of imparting 

40 a proper mechanical strength to the agglomerated powder particles. 

[0010] And, the powder after the sintering is crushed by means of a crusher such as a ball mill. By this crushing, 
individual agglomerated powder particles will be separated, whereby a spherical powder can be obtained. Then, clas- 
sification is candied out for the purpose of obtaining a spray powder having a particle size distribution required depending 
upon the spraying conditions or the type of the spraying apparatus to be used. For the classification, not only a method 

45 by means of a sieve, but also classification by a gas stream and other method, as well as a combination thereof, are 
known. 

[0011] The powder particles obtainable by this agglomeration-sintering method are spherical and have a relatively 
uniform particle size distribution, whereby they have good flowabilrty, and they are porous, have a large specific surface 
area and are easily meltable, and thus they have a characteristic that the spraying efficiency is high. Thus, this method 

50 Is suitable as a method for preparing the cennet powder 

[0012] Whereas, the method for preparing the cermet powder by the sintering-crushing method Is as follows. 
[0013] Firstly, a fine powder of the starting material Is sintered, and the obtained sintered product is mechanically 
crushed and then classified to obtain a spray powder having a desired particle size distribution. Industrially, after mixing 
the starting material, a method such as press molding may be carried out for the purpose of obtaining a sintered product 

55 having higher denseness. Further, the technique and purpose of the classification are the same as in the above-men- 
tioned agglomeration-sintering method. The powder obtainable by this sintering-crushing method is composed of dense 
and firm particles, which have angular or bulky shapes having edges specific to a crushed powder. 
[0014] On the other hand, the method for preparing a cermet powder by the fusion-crushing method is as follows. 
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[0015] Firstly, the starting material is heated, melted and cooled, and then, the obtained solidified product (ingot) is 

mechanically crushed and classified. The melting is candied out for the purpose of obtaining a dense powder, and an 
arc furnace is used for an industrial purpose. Further, the crushing of the ingot may be carried out by a technique such 
as a drop hammer or hammering, whereby coarse crushing, Intemiediate crushing or fine crushing may be carried out. 
5 The method and purpose of the crushing are the same as in the above agglomeration-sintering method or the sintering- 
crushing method. 

[001 6] The powder obtainable by this fusion-crushing method is homogeneous and composed of particles which are 
more dense and fimn than the powder obtainable by the sintering-crushing method. Further, the shape of particles is 
angular or bulky similar to the particle shape obtainable by the sintering-crushing method. 
10 [0017] The cermet powder prepared by such an agglomeration -sintering method, a sintering-crushing method or a 
fusion-crushing method, may be used as it is, as a spray powder. However, for the purpose of forming a dense sprayed 
coating, a self-melting alloy powder may be added and mixed to the cemiet powder to obtain a spray powder, which 
may be sprayed, followed by fusing treatment to forni a coating. 

[0018] On the other hand, as a spray powder for fomning a sprayed coating having excellent corrosion resistance 
15 and wear resistance under a wet environment, a WC/CrC/Ni type spray powder prepared by mixing Ni or a Ni-base 
alloy as a binder to tungsten carbide orchromium carbide as a ceramic material, followed by an agglomeration-sintering 
method, is widely used in the industrial field. 

[001 9] However, with a sprayed coating fonned by using this WC/CrC/Ni type spray powder, it has been pointed out 
that toughness and impact resistance are not so high. Specifically, this spray powder has been used as sprayed to a 

20 substrate which is susceptible to wearing especially in a wet environment, but has had a problem that upon receipt of 
a large impact, the sprayed coating tends to have cracking, or the coating tends to peel from the substrate. The useful 
life of the substrate will be extremely short once the sprayed coating has cracking or the coating is peeled, and the 
range of application of such a coating formed by such a spray powder is limited. Accordingly, a sprayed coating having 
excellent toughness and impact resistance has been desired. 

25 [0020] In orderto solve the above problems, the present inventors have proposed In (1 ) Japanese Patent Application 
JP-A-2000-38969, a spray powder which is capable of fomning a sprayed coating having high toughness and impact 
resistance as compared with a conventional WC/CrC/Ni type cennet spray powder and also having excellent corrosion 
resistance and wear resistance In a wet environment, by employing a starting material powder having the particle size 
distribution properly adjusted. 

30 [0021] With the sprayed coating fomried by using the above spray powder, the impact resistance is superior to the 
sprayed coating formed by using a currently commercially available WC/CrC/Ni type cermet spray powder, but there 
has been a problem that no substantial superiority is observed as compared with a sprayed coating formed by using 
a WC/Co type cermet spray powder as the most common spray cemiet powder. 

[0022] In general, a cemnet sprayed coating has a characteristic that the impact resistance is low although it has 
35 high hardness and is excellent in wear resistance. Accordingly, a sprayed coating having excellent impact resistance 
has been desired without lowering the corrosion resistance and wear resistance. 

[0023] The present invention has been made to solve this problem, and it is an object of the present Invention to 
provide a spray powder which is capable of forming a sprayed coating having extremely high impact resistance, ex- 
cellent wear resistance as well as excellent corrosion resistance and wear resistance even in a wet environment, and 

40 a method for its production. 

[0024] In order to solve the above problem, the present invention provides a spray powder to be used for forming a 
coating, which comprises from 80 to 97 wt%, based on the total weight, of a cermet powder and from 3 to 20 wt%, 
based on the total weight, of a metal powder, wherein the metal powder comprises Cr and Ni in a total amount of at 
least 90 wt%, based on the total weight of the metal powder, and the content of Cr is from 0 to 55 wt%, based on the 

45 total weight of the metal powder. 

[0025] The present invention provides such a spray powder, wherein the cermet powder contains tungsten carbide, 
chromium carbide and Ni; wherein the cennet powder contains tungsten carbide, Co and Cr; or wherein the mean 
particle size of tungsten carbide constituting the cermet powder is from 2 to 20 |im. 

[0026] Further, the present invention provides such a spray powder, wherein the mean particle size of chromium 
50 carbide constituting the cenmet powder is from 1 to 1 0 jmi; or wherein the content of C in the metal powder is at most 

0.4 wt%, based on the total weight of the metal powder. 

[0027] Still further, the present invention provides a method for producing a spray powder to be used for fonning a 
coating, which comprises adding and mixing a cermet powder prepared by an agglomeration-sintering method, a sin- 
tering-crushing method or a fusion-crushing method, and a metal powder comprising Cr and Ni in a total amount of at 
55 least 90 wt%, based on the total weight of the metal powder, and the content of Cr being from 0 to 55 wt%, based on 
the total weight of the metal powder, so that their contents would be from 80 to 97 wt% and from 3 to 20 wt%, respectively, 
based on the total weight of the spray powder. 

[0028] In the accompanying drawing, Fig. 1 is a view illustrating a falling ball impact tester used for a peel resistance 
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test of a sprayed coating. 

[0029] In Fig. 1 , reference numeral 1 represents a guide pipe, numeral 2 a test piece, symbol L a steel ball falling 
distance (1 ,000 mm), symbol H a distance between the discharge outlet and the falling point of the steel ball (20 mm), 
d an inner diameter of the guide pipe (<|> 29.3 mm), symbol G the length of the guide pipe (980 mm), and 6 a collision 
5 angle (60**). 

[0030] Now. the spray powder and the process for its production according to the present invention , will be described 
in detail. 

[0031 ] In the spray powder of the present invention, the cerniet powder is preferably a cermet powder which contains 
tungsten carbide, chromium carbide and Ni, or tungsten carbide, Co and Cr 
10 [0032] Further, in the cermet powder, a Ni alloy may be used instead of Ni or together with Ni. Likewise, a Co alloy 
may be employed instead of Co or together with Co. Likewise, a Cr alloy may be employed instead of Cr or together 
with Cr. 

[0033] In the cemiet powder containing tungsten carbide, chromium carbide and Ni, tungsten carbide serves to 
Improve the wear resistance, and Ni serves not only as a binder but also to improve toughness and corrosion resistance. 

15 And, chromium carbide serves to further improve corrosion resistance of tungsten carbide and Ni. With a view to 
improving corrosion resistance and wear resistance in a wet environment, the contents of tungsten carbide, chromium 
carbide and Ni, based on the total weight of the cemnet powder, are usually from 60 to 85 wt%, from 10 to 30 wt% and 
from 4 to 1 5 wt%, respectively, preferably from 65 to 80 wt%, from 1 5 to 25 wt% and from 5 to 1 2 wt%, respectively. 
[0034] On the other hand, in the cerniet powder containing tungsten carbide, Co and Cr, the cenmet powder com- 

20 prising tungsten carbide and Co is a spray powder which is commonly known to have excellent toughness, wear re- 
sistance and impact resistance. And, Cr serves to improve the corrosion resistance of the cerniet comprising tungsten 
carbide and Co. As the cennet powder contains Cr, it has corrosion resistance comparable to the above-mentioned 
cemriet containing tungsten carbide, chromium carbide and Ni and shows a substantial superiority to other cermets. 
With a view to improving impact resistance as well as the corrosion resistance and wear resistance in a wet environment, 

25 the contents of tungsten carbide, Co and Cr, based on the total weight of the cermet powder, are usually from 80 to 
92 wt%, from 4 to 20 wt% and 2 to 15 wt%, preferably from 84 to 90 wt%, from 6 to 12 wt% and from 2 to 10 wt%. 
respectively. 

[0035] In the spray powder of the present invention, tungsten carbide constituting the cennet powder includes WC 
and W2C. However, it is preferred to employ WC. When WgC is used, if it is exposed to a high temperature during e. 

30 g. a sintering step or spraying, it may undergo decarburization to form W, whereby the characteristics of the sprayed 
coating are likely to deteriorate. When WC is used, such decarburization scarcely takes place. If such a reaction takes 
place, it is possible to suppress formation of W or a change of the characteristics of the sprayed coating. 
[0036] Likewise, chromium carbide includes CrsCg, Cr7C3, and Cr23CQ. Chromium carbide is said to undergo a crystal 
phase change from Cr3C2 to CvjO^, from Cr7C3 to CrgaCg, and Cr23C6 to Cr, by decarburization. It is necessary to 

35 suppress a substantial change of the properties of the sprayed coating. Accordingly, it is prefen-ed to use Cr3C2 or 
Cr7C3, more preferably Cr3C2. 

[0037] In the spray powder of the present invention, tungsten carbide and chromium carbide constituting the cennet 
powder, have a tendency that if their mean particle sizes are too small, cracking Is likely to take place, and the impact 
resistance tends to be low, when the sprayed coating receives a substantial external force (impact). On the contrary, 

40 if the mean particle sizes of tungsten carbide and chromium carbide are too large, it tends to be difficult to obtain 
spherical agglomerated powder particles or agglomerated powder particles having the starting material components 
unifomnly dispersed, in the agglomeration step, or if thermal spraying is carried out by using a spray powder prepared 
by using such agglomerated powder particles, the spraying efficiency tends to be very low. Accordingly, the mean 
particle size of tungsten carbide is usually from 2 to 20 ^m, preferably from 5 to 12 urn, and the mean particle size of 

4S chromium carbide is usually from 1 to 1 0 fim, preferably from 3 to 7 \xm. 

[0038] Further, if tungsten carbide and chromium carbide to be used for the cermet powder of the present invention 
contain free carbon, the bond strength in the interior of the sprayed coating tends to decrease, and the impact resistance 
tends to remarkably decrease. Accordingly, the contents of free carbon in tungsten carbide and chromium carbide to 
be used for the cermet powder, are preferably at most 0.05 wt% and at most 0.1 wt%, respectively. 

so [0039] On the other hand, in the spray powder of the present invention, the metal powder of e.g. Ni, Co or Cr con- 
stituting the cermet powder is preferably one uniformly pulverized. If the mean particle size of the metal powder to be 
used in the agglomeration step, is small, It is possible to prepare a cennet powder which is more spherical and has 
higher mechanical strength, a powder having a desired particle size distribution can be prepared more readily, and the 
yield of the product will be high. Accordingly, the mean particle size of such a metal powder is usually at most 5 ^.m, 

55 preferably at most 3 ^.m. The mean particle size of an alloy powder prepared by an atomizing method, is usually at 
most 10 fun, preferably at most 5 \im. 

[0040] Further, as such a metal powder to be mixed with the cermet powder, it is prefenred to use one which is 
adjusted to have the same particle size distribution as the cennet powder obtained by the above-mentioned aggtom- 
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eration-sintering method, the slntering-crushing method or a fusion-crushing method. As such a metal powder, a metal 
powder having high sphericity, prepared by an atomizing method, is typical. The atomizing method includes a water 
atomizing method and a gas atomizing method, and depending upon the type of the method used, the amount of 
dissolved oxygen in the metal powder and the shape of the powder are slightly different, but the influence to the prop- 
5 erties of the sprayed coating is small. Accordingly, any metal powder may be employed so long as it is a metal powder 
obtained by an atomizing method. 

[0041 ] The higher the content of Cr contained in the metal powder to be mixed with the cennet powder of the present 
invention, the higher the improvement in the corrosion resistance and wear resistance of the sprayed coating, but the 
lower the impact resistance. Inversely, the smaller the content, the larger the improvement In the impact resistance of 

10 the sprayed coating, but the lower the corrosion resistance and wear resistance tend to be. For example, If the content 
of Cr in the metal powder becomes at least 55 wt%, based on the entire weight of the metal powder, the Impact resistance 
of the sprayed coating decreases substantially, and the coating is likely to have cracks. Accordingly, the content of Cr 
in the metal powder in the present invention is usually from 0 to 55 wt%, preferably from 5 to 30 wt%, based on the 
total weight of the metal powder. 

15 [0042] Further, C in the metal powder may be included as an impurity in the step of preparing the metal powder to 
be mixed with the cenmet powder of the present Invention, or it may be added for the purpose of pulverization at the 
time of atomizing orfor other purposes. Further, the base metal of the metal powder may sometimes contain C. However, 
if the content of C is too much relative to the total weight of the metal powder, the impact resistance of the coating 
tends to decrease remarkably. Accordingly, the content of C In the metal powder is usually at most 0.4 wt%, preferably 

20 at most 0.2 wt%, based on the total weight of the metal powder. 

[0043] Further, to the metal powder to be mixed with the cermet powder of the present Invention, in addition to Ni, 
Cr, components represented by e.g. Si, B, Al, Mn, Ti, Fe, S and Mo, may be included as impurities or may be added 
for the purpose of puh/erization at the time of atomizing orfor other purposes. Such components may also be contained 
in the base metal of the metal powder. If these components are too much relative to the total weight of the metal powder, 

25 the Impact resistance of the sprayed coating is likely to decrease substantially. Accordingly, the total content of Si, B, 
Al, Mn, Ti, Fe, S and Mo in the above metal powder is usually at most 10 wt%, preferably at most 3 wt%, based on the 
total weight of the metal powder 

[0044] The spray powder of the present invention is produced by using the above-mentioned respective components 
by the following method. 

30 [0045] Firstly, starting material powders are mixed so that from 60 to 80 wt% of tungsten carbide, from 1 0 to 30 wt% 
of chromium carbide and from 5 to 15 wt% of Ni, or from 80 to 92 wt% of tungsten carbide, from 4 to 20 wt% of Co and 
from 2 to 15 wt% of Cr, are contained, based on the total weight of the cemrjet powder, and a WC/CrC/Ni type cennet 
or a WC/Co/Cr type cennet is prepared by a common agglomeration-sintering method, a sintering-crushing method 
or a fusion-crushing method. 

35 [0046] In the agglomeration-sintering method among the methods for preparation of the cennet powder, it is preferred 
to carry out agglomeration so that agglomerated powder particles have a particle size distribution of from 5 to 75 p.m, 
followed by sintering at a temperature of at least 900°C for at least 5 hours. The sintering conditions are required to 
be optimized depending upon the composition and the desired properties of the spray powder, but uniform hard spher- 
ical particles can be obtained by sintering for at least 5 hours at a constant temperature. Further, when a metal powder 

40 of e.g. Ni, Co, Cr or an alloy thereof, or a caristde ceramics such as chromium cartDide and/or tungsten carbide, is used 
as a cennet material, it is necessary to ensure that such material will not be oxidized during de-waxing or sintering, 
and it is usually treated in vacuum or In an inert gas atmosphere. 

[0047] As an example, an agglomerated powder having a particle size distribution of from 5 to 75 p.m may be sintered, 
crushed and classified to obtain a cermet having a particle size distribution of from 6 to 63 ^m which is suitable for 
45 high velocity flame spraying. Further, by changing agglomeration, cmshing or classification conditions, as the case 
requires, it is possible to prepare a cennet powder having a particle size distribution of from 6 to 38 |j.m, from 1 0 to 45 
fim, from 15 to 45 ^im, from 15 to 53 ^m or from 20 to 63 p.m, and such a powder may be selected for use depending 
upon the type of the spraying apparatus or the spraying conditions, 

[0048] In the present invention, "the particle size distribution" means that with respect to the lower limit of the particle 
^ size distribution, the proportion of particles smaller than the particle size represented by the value obtained by using 
a laser diffraction type particle size measuring apparatus LA-300 (manufactured by HORIBA, Ltd.) Is at most 5%, and 
with respect to the upper limit of the particle size distribution, the proportion of particles larger than the particle size 
represented by the value obtained by using a low tap method (JIS R6002) is at most 5%. For example, when the particle 
size distribution is from 1 5 to 45 fim, the proportion of particles of at most 15 ^im obtained by using the laser diffraction 
55 type particle size measuring apparatus is at most 5%, and the proportion of particles of at least 45 \im obtained by 
using a low tap method is at most 5%. On the other hand, "the mean particle size" represents a value of D50 obtained 
by using the same LA-300. 

[0049] The spray powder of the present invention is produced by mixing the cemnet prepared by the above-described 
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method with the metal powder prepared separately. 

[0050] The metal powder contains from 0 to 55 wt% of Cr, based on the total weight of the metal powder, and Ni is 
added so that the total with Cr will be a content of at least 90 wt%, to obtain a metal powder. 

[0051] And, the above cermet powder and the metal powder are uniformly mixed so that the content of the metal 
5 powder will usually be from 3 to 20 wt%, preferably from 7 to 1 6 wt%, based on the total weight of the spray powder, 
to obtain a spray powder of the present Invention. 

[0052] If the content of the cerniet in the spray powder exceeds 97 wt%, and the content of the metal powder is less 
than 3 wt%, the proportion occupied by the metal phase dotted in the sprayed coating tends to decrease, whereby the 
impact resistance of the coating will be low. Inversely, if the content of the cennet is less than 80 wt%, and the content 
10 of the metal powder exceeds 20 wt%, the proportion occupied by the ceramic component excellent in corrosion resist- 
ance and wear resistance, decreases, whereby the corrosion resistance and wear resistance of the sprayed coating 
will be low. 

[0053] The reason why the sprayed coating f omned by the spray powder of the present invention, has extremely high 
impact resistance, excellent wear resistance and excellent corrosion resistance and wear resistance in a wet environ- 

15 ment, is considered to be as follows. 

[0054] From the inspection of the structure of the coating formed by themrial spraying by means of the spray powder 
of the present invention, it is confirmed that the metal powder component is deposited in a state having a proper 
thickness and is dotted as relatively large metal phases. When a large extemal force is exerted to the sprayed coating, 
such metal phases play the role of a buffer and absorb and disperse the extemal force, whereby the impact resistance 

20 of the sprayed coating wilt be substantially improved. 

[0055] On the other hand, from the inspection of the structure of a coating formed by themrial spraying by using a 
conventional spray powder, it is observed that the materials constituting the spray powder are fused and mixed with 
other materials, or only a thin metal phase is obsen/ed, and relatively large metal phases deposited In a state having 
a proper thickness, as observed with the spray powder of the present invention, are not observed. Accordingly, if a 

25 large external force is exerted to the sprayed coating, as no metal phase is present which plays the role of a buffer 
sufficiently, the external force can not be adequately absorbed and dispersed, and the coating fracture will result, and 
thus it is considered that the impact resistance of the sprayed coating tends to be low. 

[0056] Further, from the inspection of the structure of a coating formed by thenmal spraying by using a spray powder 
prepared by complexing all components i.e. the cermet powder and the metal powder in the spray powder of the present 

50 invention, from the beginning, followed by an agglomeration-sintering method, a sintering-crushing method or a fusion- 
crushing method, without adopting a method of separately preparing the cermet powder and the metal powder and 
mixing them in a proper ratio as in the method for producing a spray powder of the present invention, it is observed 
that the metal powder component is mixed with other materials in the coating, or only a thin metal phase is observed, 
and it is considered impossible to obtain high impact resistance as in the case where the spray powder of the present 

35 invention is used. 

[0057] The spray powder of the present invention is applicable to a known thermal spraying method such as high 
velocity flame spraying represented by an apparatus such as JP-5000 manufactured by TAFA Company, SB-HVOF 
manufactured by UNIQUE COAT TECHNOLOGIES or a Diamond Jet manufactured by Sulzer Metco, flame spraying 
represented by an apparatus such as 6P manufactured by Sulzer Metco. or plasma spraying represented by an ap- 

40 paratus such as 9MB manufactured by Sulzer Metco or SG-100 manufactured by PRAXAIR. 

[0058] The flame spraying is a themnal spraying method in which a spray powder is sent into a flame fomned by 
combustion of a fuel (such as acetylene) with oxygen, and the powder is impinged to the substrate in a molten or semi- 
molten state for deposition to form a coating. The high velocity flame spraying is a kind of flame spraying, but is a 
thermal spraying method wherein the pressure of the combustion chamber is increased, and the velocity of the com- 

45 bustion flame is made to be very high, whereby sprayed particles are highly accelerated to generate a strong impinging 
power, and a dense and highly adhesive coating can be formed. The plasma spraying is a thermal spraying method 
wherein the spray powder is heated by a high temperature plasma, and the spray powder is melted and sprayed to a 
substrate to fomn a coating. 

[0059] The sprayed coating obtained by using the spray powder of the present invention is preferably such that the 
50 metal powder component is deposited in a proper thickness and is dotted as relatively targe metal phases in the coating. 
To fomri such a coating, it is necessary not to heat the spray powder, particularly the metal powder component, too 
much and to highly accelerate to deposit coating by a large impinging force to the substrate. As compared with flame 
spraying or plasma spraying, high velocity flame spraying can highly accelerate the sprayed particles and has a short 
retention time in the combustion flame, whereby the spray powder is not exposed to a high temperature so much, and 
55 it is suitable for the spray powder of the present Invention. Among high velocity flame spraying methods, JP-5000 or 
SB-HVOF is particularly preferred, since it is thereby possible to highly accelerate the spray powder, and whereby the 
spray powder is not exposed to a high temperature. 

[0060] Now, the present Invention will be described in further detail with reference to Examples. However, it should 



6 



EP 1 227 169 A2 



be understood that the present invention is by no means restricted to such specific Examples. 

Preparation of spray powder 

[0061] Firstly, in accordance with the composition as identified in Table 1 , the starting materials for a cermet powder 
were mixed, and a 3.6% PVA aqueous solution was mixed thereto, followed by thorough stirring to obtain a slurry. This 
slurry was fomied into a spherical agglomerated powder having a particle size distribution of from 5 to 75 ^m by means 
of e.g. a spray agglomerator, and the powder was de-waxed in an argon atmosphere in a vacuum de-waxing sintering 
furnace and then sintered at 1 ,250'C for 5 hours. After the sintering, the powder was crushed by means of a ball mill 
and then classified by means of a vibration sieving machine and an airflow classifier to obtain a cermet powder having 
a particle size distribution of from 15 to 45 \iro. 

[0062] Further, separately from the above cenmet, in accordance with the composition as identified in Table 1 , a 
metal powder prepared by an atomizing method is classified In the same manner as the cermet powder to adjust the 
particle size to from 15 to 45 \xm. 

[0063] The cemriet and the metal powder thus obtained were mixed by a V-type mixing apparatus to obtain test 
samples of Examples 1 to 15 (Table 1) and Comparative Examples 1 to 8 (Table 2). 

[0064] The contents of Comparative Examples 1 to 8 are as follows. Namely, Comparative Example 1 is a WC/CrC/ 
Ni spray powder by an agglomeration-sintering method, which is commercially available for corrosion resistance and 
wear resistance; Comparative Example 2 is a WC/Co spray powder by an agglomeration-sintering method, which is 
commercially available for wear resistance; Comparative Example 3 is a WC/Co/Cr spray powder by an agglomeration- 
sintering method, which is commercially available for corrosion resistance and wear resistance; Comparative Example 
4 is a spray powder prepared by an agglomeration -sintering method by mixing all components i.e. the cermet powder 
and the metal powder in the spray powder from the beginning; Comparative Example 5 is one wherein the amount of 
the metal powder added, was outside the scope of the present invention; Comparative Example 6 is one wherein the 
amount of the metal powder was likewise outside the scope of the present invention; Comparative Example 7 is one 
wherein the Cr content in the metal powder was outside the scope of the present invention; and Comparative Example 
8 Is one wherein the Ni and Cr contents in the metal powder were outside the scope of the present invention. 
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Spray tests and evaluation of coatings 

[0065] Spray tests were carried out by using test samples of Examples 1 to 15 and Comparative Examples 1 to 8. 
The spray test method and methods for evaluation of sprayed coatings, were as follows. 

5 

A. Hardness measurement 

[0066] A sprayed coating formed under the following spraying conditions (A) was cut, and its cross-section was 
mirror-polished, cleaned and dried, whereupon the Vickers hardness of the cross-section of the sprayed coating was 
10 measured by Vickers hardness tester HMV-1 (manufactured by Shimadzu Corporation). By averaging the results of 
tests carried out ten times, the Vickers hardness was obtained and evaluated by the standards as identified in evaluation 
standards (A). 

1) Spraying conditions (A) 

15 

Themnal spray equipment: HVOF themnal spray equipment JP-5000, manufactured by TAFA Company 
Oxygen flow rate: 1 ,500 scfh 
Kerosene flow rate: 6.0 gph 

Substrate; SS400 steel plate (50 mm X 70 mm x 2.3 mm) 
20 Thickness of sprayed coating: 200 \im 

2) Measuring conditions (A) 

Indentater: Diamond pyramid indenter 
25 Angle between the opposite faces: 136° 

Load of indentator: 0.2 kgf 
Holding time after the loading: 15 seconds 

3) Evaluation standards (A) 

30 

@ : Vickers hardness (HvO.2) of at least 1 ,1 00 

O : Vickers hardness (HvO.2) of at least 900 and less than 1 ,100 

X : Vickers hardness (HvO.2) of less than 900 

35 B. Dry wear test 

[0067] With respect to the sprayed coating formed under the following spraying conditions (B), a dry wear test was 
carried out by means of a Suga abrasion tester (as disclosed in JIS H8682). The volume ratio of the wear rate (mm^) 
of the test sample to the wear rate (mm^) of the standard sample was calculated as a wear ratio, and by averaging the 
40 results of tests candied out three times, the wear ratio was obtained and evaluated by the standards as identified in 
evaluation standards (B). 

1) Spraying conditions (B) 

45 Thenmal spray equipment: HVOF themnal spray equipment JP-5000, manufactured by TAFA Company 

Oxygen flow rate: 1 ,500 scfh 
Kerosene flow rate: 6.0 gph 

Substrate: SS400 steel plate (50 mm x 70 mm X 2.3 mm) 
Thickness of sprayed coating: 200 \xjm 

50 

2) Test conditions (B) 

Abrasive paper: SiC#180 
Load: 3.15 kgf 
55 Number of abrasion: 400 times 

Standard sample: SS400 steel plate (50 mm x 70 mm x 2.3 mm) 

3) Evaluation standards (8) 
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@ : wear ratio (%) of less than 3 

O : wear ratio (%) of at least 3 and less than 5 

X : wear ratio (%) of at least 5 

5 C. Wet wear test 

[0068] With respect to the sprayed coating fonned under the following spraying conditions (C), the wear resistance 
and corrosion resistance tests of the sprayed coating in a wet environment, were carried out by means of a wet abrader 
as disclosed In JP-A-2000-1 80331 . The volume ratio of the wear rate (mm^) of the test sample to the wear rate (mm^) 
10 of the standard sample, was calculated as a wear ratio, and the wear rate was obtained and evaluated by the standards 
as identified in evaluation standards (C). 

1) Spraying conditions (C) 

15 Thermal spray equipment: HVOF themrial spray equipment JP-5000, manufactured by TAFA Company 

Oxygen flow rate: 1 ,500 scfh 
Kerosene flow rate: 6.0 gph 

Substrate: carbon steel tube STKM12C for mechanical structure (<|)25 x H75 mm) 
Thickness of sprayed coating: 200 ^m 

20 

2) Test conditions (C) 

Abrasive: A#8 (JIS R6111) 
Concentration of abrasive in slurry: 80 wt% 
25 Test time: 200 hours 

Sliding distance: 5.67 x 105 m 

Standard sample: carbon steel tube STKM12C for mechanical structure {^25 x H75 mm) 

3) Evaluation standards (C) 

30 

@ : wear ratio {%) of less than 8 

O : wear ratio (%) of at least 8 and less than 15 

X : wear ratio (%) of at least 1 5 

35 o. Peel durability test 

[0069] With respect to the sprayed coating formed under the folloyving spraying conditions (D), a peel durability test 
was earned out by means of a falling ball impact tester shown in Fig. 1 . 500 Steel balls (diameter D: 9.5 mm, weight 
W: 3.32 g) as the number of falling (n) per test, were continuously dropped and collided at a coillsion angle (6) of 60'' 
40 to the sprayed coating of test piece 2 through a guide pipe 1 having an inner diameter (d) of 29.3 mm from a height 
(L) of 1 m, whereby the surface of the sprayed coating was observed, and the number of durable times until cracking 
or peeling appeared, was counted. By averaging the results of four tests, the number of durable times was obtained 
and evaluated by the standards as identified in evaluation standards (D). 

45 1) Spraying conditions (D) 

Thermal spray equipment: HVOF thennal spray equipment JP-5000, manufactured by TAFA Company 
Oxygen flow rate: 1 ,500 scfh 
Kerosene flow rate: 6.0 gph 
50 Substrate: S46C steel plate (100 mm x 100 mm x 20 mm) 

Thickness of sprayed coating: 1 00 jim 

2) Evaluation standards (D) 

S5 (o) : number of durable times of at least 30 

O : number of durable times of at least 20 and less than 30 
X : number of durable times of less than 20 
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[0070] The test results of A to D were as shown in Table 3. 

[0071] From the results shown in Table 3, it is evident that the spray powders and the method for producing the spray 
powders of the present invention represented by Examples 1 to 15 exhibit extremely high impact resistance, excellent 
wear resistance as welt as excellent corrosion resistance and wear resistance in a wet environment. 
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[0072] Further, as compared with Comparative Examples 1 to 8, It Is evident that In Examples 1 to 15, the wear 

resistance in a dry and wet environment is excellent although the Vickers hardness is equal or slightly Inferior. It is 
generally said that that one showing a high Vickers hardness is excellent in wear resistance, but this test results show 
that the Vickers hardness and the wear resistance are not necessarily Interrelated. 

5 [0073] The spray powder of the present invention ts capable of forming a coating having excellent wear resistance 
as well as excellent con^osion resistance and wear resistance in a wet environment while maintaining extremely high 
impact resistance, by thennal spraying to fonn a coating on a substrate surface. Further, according to the method for 
producing a spray powder of the present invention, a spray powder capable of forming a sprayed coating having ex- 
tremely high impact resistance and excellent wear resistance while maintaining excellent corrosion resistance and 

10 wear resistance in a wet environment can be produced, as compared with a production method wherein the same 
components are complexed from the beginning. 

[0074] Namely, 1) by the spray powder of the present invention which is a spray powder to be used for fonming a 
coating and which comprises from 80 to 97 wt% of a cermet powder and from 3 to 20 wt% of a metal powder, based 
on the total weight, wherein the metal powder comprises Cr and Nl in a total amount of at least 90 wt%, based on the 
IS total weight of the metal powder, and the content of Cr Is from 0 to 56 wt%, based on the total weight of the metal 
powder, it is possible to obtain a sprayed coating excellent in impact resistance, wear resistance and corrosion resist- 
ance. 

[0075] 2) By the spray powder of the present invention wherein the above cemiet powder contains tungsten carbide, 
chromium carbide and Ni, it is possible to obtain a sprayed coating having high toughness and impact resistance as 
20 well as excellent corrosion resistance in a wet environment, 

[0076] 3) Further, by the spray powder of the present invention wherein the above cermet powder contains tungsten 
carbide, Co and Cr, it is possible to obtain a sprayed coating having excellent corrosion resistance comparable to a 
cermet containing tungsten carbide, chromium carbide and Ni. 

[0077] 4) Further, by the spray powder of the present invention wherein the average particle size of the tungsten 
25 carbide constituting the above cemnet powder is from 2 to 20 ^m, a sprayed coating having constantly excellent impact 
resistance, can be expected. 

[0078] 5) Still further, by the spray powder of the present invention wherein the average particle size of the chromium 
carbide constituting the above cemriet powder is from 1 to 10 p.m, It is possible to obtain a sprayed coating having 
extremely stabilized excellent impact resistance and wear resistance. 

30 [0079] 6) Further, according to the present invention, by the production method which comprises adding and mixing 
a cennet powder prepared by an agglomeration-sintering method, a sintering-crushing method or a fusion-crushing 
method, and a metal powder comprising Cr and Ni in a total amount of at least 90 wt%, based on the total weight of 
the metal powder, and the content of Cr being from 0 to 55 wt%, based on the total weight of the metal powder, so that 
their contents would be from 80 to 97 wt% and from 3 to 20 wt%, respectively, based on the total weight of the spray 

35 powder, it Is possible to present a spray powder capable of forming a coating having extremely high Impact resistance, 
excellent wear resistance as well as excellent corrosion resistance and wear resistance in a wet environment. 
[0080] The invention also consists in use of the spray powder of the invention described above in forming a coating 
on an article and in an article having such a coating. 

[0081] The entire disclosure of Japanese Patent Application No. 2001-16585 filed on January 25, 2001 including 
40 specification, claims, drawings and summary are incorporated herein by reference in its entirety. 



45 1 . A spray powder to be used for forming a coating, which comprises from 80 to 97 wt%, based on the total weight, 
of a cermet powder and from 3 to 20 wt%, based on the total weight, of a metal powder, wherein the metal powder 
comprises Cr and Ni in a total amount of at least 90 wt%, based on the total weight of the metal powder, and the 
content of Cr Is from 0 to 55 wt%, based on the total weight of the metal powder 

50 2. The spray powder according to Claim 1 , wherein the cennet powder contains tungsten carbide, chromium carbide 



3. The spray powder according to Claim 1 , wherein the cemiet powder contains tungsten carbide, Co and Cr. 

55 4. The spray powder according to any one of Claims 1 to 3, wherein the mean particle size of tungsten carbide 
constituting the cermet powder is from 2 to 20 |im. 

5. The spray powder according to Claim 1 or 2. wherein the mean particle size of chromium cariaide constituting the 



Claims 



and Ni. 
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cennet powder is from 1 to 1 0 ^m. 

The spray powder according to any one of Claims 1 to 5, wherein the content of C in the metal powder is at most 
0.4 wt%. based on the total weight of the metal powder. 

A method for producing a spray powder to be used for fomning a coating, which comprises adding and mixing a 
cermet powder prepared by an agglomaration-sintering method, a sintering-crushing method or a fusion-crushing 
method, and a metal powder comprising Cr and Ni in a total amount of at least 90 wt%, based on the total weight 
of the metal powder, and the content of Cr being from 0 to 55 wt%, based on the total weight of the metal powder, 
so that their contents would be from 80 to 97 wt% and from 3 to 20 wt%. respectively, based on the total weight 
of the spray powder. 
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